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[571 _ABSTRACI‘ 
A semiconductor laser ampli?er includes both a wave 
guide layer and an active layer. In use, an optical wave 
in the active layer interacts with the waveguiding layer 
to reduce the polarisation sensitivity of the ampli?er. A 
short, thick active layer is not required, typical dimen 
sions being 250 or 500 pm long, by 0.2 pm high. The 
mesa is typically about 2 pm wide, but may be wider. 

21 Claims, 6 Drawing Sheets 
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SEMICONDUCTOR LASER AMPLIFIERS 

The present invention relates to semiconductor laser 
ampli?ers. 

Semiconductor laser optical ampli?ers have many 
possible applications in future optical systems, particu 
larly in optical communications systems and optical 
data processing. Such ampli?ers provide high gain with 
low power consumption, and their single mode wave 
guide structure makes them particularly suitable for use 
with monomode optical ?bre. 
The radiation used in optical communications is not 

necessarily in the visible region, and the words "opti 
cal” and “light” when used in this speci?cation are not 
to be interpreted as implying any such limitation. In 
deed, if silica optical ?bres are used as the transmission 
medium, infra red radiation is of especial usefulness 
because loss minirna occur in such ?bres at 1.3 and 1.55 
pm approximately. 

In optical transmission systems using single longitudi 
nal mode lasers the effects of ?bre dispersion may be 
small, the main limitation on repeater spacing being the 
signal attenuation due to ?bre loss. Such systems do not 
require a complete regeneration of the signal at each 
repeater, ampli?cation of the signal is suf?cient. Thus 
semiconductor laser ampli?ers can be used as linear 
optical repeaters for intensity modulated or coherent 
systems. Linear ampli?er repeaters, and in particular 
travelling wave repeaters, have the additional advan— 
tages of being bit rate independent, bidirectional, and 
capable of supporting multiplex operation. 
A semiconductor laser ampli?er can be used in an 

optical receiver to amplify the optical signal before it 
reaches the photodetector, thereby increasing detection 
sensitivity. The improvement can be particularly 
marked for bit rates in excess of l Gbit/s, making such 
ampli?ers potentially useful in the development of sen 
sitive wideband receivers for use in future ?bre systems. 
The performance of laser ampli?ers in systems is 

dependent upon several factors, including the ampli?er 
gain and saturation characteristic, the ampli?er optical 
bandwidth, the stability of gain with respect to bias 
current and temperature, the ampli?er noise character 
istics, and sensitivity to input signal polarisation. 
Clearly, for any practical application it is desirable for 
gain to be frequency independent, at least within the 
frequency range of the optical input. This is of course of 
particular signi?cance where the laser ampli?er is to be 
used in systems involving wavelength division multi 
plexing (wdm) or in systems where optical carriers of 
several different wavelengths are used, particularly 
where several such carriers are used simultaneously. A 
second desirable characteristic for a practical system is 
that the gain of the laser ampli?er should be indepen 
dent of the input signal polarisation. This last character 
istic is of particular signi?cance in optical ?bre systems, 
since random polarisation ?uctuations are currently 
unavoidable in practical systems. Much research has 
been carried out in an effort to ?nd laser structures with 
high gain over a usefully wide optical bandwidth, with 
suitably low polarisation sensitivity. Thus although 
usefully high gains, typically between 24 and 29 dB, 
have been achieved, polarisation sensitivity remains a 
problem. In particular, although polarisation sensitivi- 
ties as low as 2 to 3 dB have been achieved, typical 
sensitivities are between 3 and 6 dB, and the results have 
been strongly frequency dependent, polarisation sensi 
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2 
tivities of 7 dB or more being typical at non-favoured 
frequencies, thus laser ampli?ers cannot satisfactorily 
be used in wdm systems. 

In recent travelling wave semiconductor laser ampli 
?er (T WSLA) systems demonstrations (see for exam 
ple: Proc. ECOC, Brighton, 1988, pp 163-166, D. J. 
Malyon et al, and Electron Lett., Vol. 24, 1988, pp 
551-552, G. Grosskopf et al) the polarisation of the 
input signal had to be carefully controlled due to a 
polarisation-dependent gain. The problem of polarisa 
tion-dependent gain appears to be exacerbated in device 
designs which give high saturated output power. In 
deed the TWSLA with the highest reported output at 3 
dB gain compression (+9 dBm) had a polarisation sensi 
tivity of 7 dB, Electron. Lett., Vol. 23, 1987, pp 
218-219, T. Saitoh and T. Mukai. Gain variations have 
been compensated for by either electronic means (Proc. 
ECOC, Brighton, 1988, pp 487-490, A. D. Ellis et a1), or 
by using orthogonally aligned two-ampli?er con?gura 
tions (Electron. Lett., Vol. 24, 1988, pp 1075-1076, N. 
A. Olsson; Electron. Lett., Vol. 23, 1987, pp 1387-1388, 
G. Grosskopf et a1). Although these schemes have been 
successfully demonstrated, extra components are re 
quired for their implementation. 

Clearly, it would be desirable to have a TWSLA with 
low polarisation sensitivity, but not at the expense of the 
high saturated power needed for wide dynamic range 
and good signal-to-noise performance (see for example 
IEEE Trans, MTT-30, 1982, pp 1548-1556, T. Mukai et 
al). 

In a recent theoretical paper, (Transactions of the 
IEICE, Vol. E71, No. 5, May 1988, pp 482-484), Saitoh 
and Mukai reported that the optimum con?guration for 
achieving polarisation insensitive gain in a travelling 
wave semiconductor laser ampli?er while maintaining 
high output power and low noise performance is one 
with a thick, short active layer. Saitoh and Mukai pre 
dict that an undoped 1.5 pm GaInAsP travelling wave 
ampli?er having an active layer thickness of 0.5 pm and 
an active layer length of 45 um could have a 20 dB 
signal gain, with an operating current of 100 mA, and a 
polarisation sensitivity of only 0.6 dB. They also predict 
that under these conditions, such a device would have a 
saturated output power, P3 43, of 9.6 dBm, and a noise 
?gure (the degradation in S/N ratio which results from 
ampli?cation) of 4 dB. 
One of the disadvantages of structures of the type 

proposed by Saitoh and Mukai is that with such a thick 
active layer there is a strong likelihood that modes other 
than the zero order mode will be supported in the verti 
cal direction. Additionally, the high current densities 
which result from the use of short devices are likely to 
lead to problems with reliability and thermal dissipa 
tion. 

It has previously been proposed to use laser ampli? 
ers having a waveguiding layer separate from the active 
layer, but generally this has been in the context of opti 
cal integrated circuits (OIC). In such circuits a wave 
guiding arrangement is used to ‘pipe’ the optical signals 
to be processed about the circuit; the active layer of a 
laser ampli?er is spaced from the waveguid and oper 
ates in association therewith in a directional coupler 
mode. One such arrangement is described in outline in 
British Patent 1539028. The waveguiding layer in such 
arrangements appears to be provided solely to act as a 
conduit to route optical signals between the 01C input 
and output and different processing points in the 01C, 
the optical signals having been provided initially either 
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by a laser source which is part of the OIC or having 
been received by the OIC from some remote source. As 
far as we are aware, no-one has observed or suggested 
that the effective addition of a waveguiding layer to a 
laser ampli?er structure results or is likely to result in a 
reduction in polarisation sensitivity. 

In another reference related to OICs, IEE Journal of 
Quantum Electronics, QE-23, 1987, No. 6, pp 
1021-1026, Oberg, Bri'iberg and Lindgren, a laser ampli 
?er is integrated within a passive waveguiding struc 
ture. The object of the reported work was to establish 
and, if possible, demonstrate the possibility of fabricat 
ing such a composite structure in which the junction 
between active and passive parts givesa high coupling 
ef?ciency and a re?ectivity low enough to allow tra 
velling-wave type operation of the laser ampli?er. 
Again the passive waveguide structure serves as a con 
duit for the distribution of optical signals to be pro 
cessed. It is suggested in the paper that such OICs could 
be used in switching systems for local area networks in 
place of discrete ampli?ers, the OICs providing the 
ampli?cation and other functions necessary, thereby 
eliminating connection dif?culties, coupling losses and 
unwanted reflections. Of course, travelling-wave opera 
tion is desirable for laser ampli?ers in such applications 
because of the need to minimise wavelength-sensitivity. 
The structure used by Oberg et al is unusual in that 

the passive waveguide and the ampli?er’s active layer 
are formed on a common planar n-InP buffer layer. 
Over the InGaAsP active layer (kg: 1.3 pm) there is 
formed a p-InP ‘depression’ layer. The passive wave 
guide of p-InGaAsP (A8=1.08 urn) has a thickness of 
0.55 and 0.3 pm close to and far away from the junction 
respectively. The passive waveguide material continues 
over the depression layer which overlies the active 
layer, the overall thickness of the waveguide-depression 
layer-active layer stack apparently being the same as the 
immediately adjacent regions of passive waveguide 
material, that is about 0.55 pm. The active and depres 
sion layers are either 0.22 and 0.18 pm respectively or 
both 0.15 pm. It appears therefore that in the active 
region the waveguide-depression layer-active layer 
stack functions as a composite waveguide and not inva 
directional-coupler mode. There is no suggestion, how 
ever, that such a structure should be fabricated for use 
as a discrete device—-the waveguide is clearly only 
present for use as a signal conduit in an OIC. Oberg et 
al are also, unsurprisingly, silent as to the polarisation 
sensitivity of an ampli?er with such a structure. 
We are, however, aware of one discrete laser ampli 

?er which comprises an active layer and a separate 
waveguiding layer, described in US. Pat. No. 4,742,307 
in the name of Thylen_, assigned to L. M. Ericsson. The 
device is intended to overcome the problems of back 
reflection and backward-launched noise which occur 
with conventional laser ampli?ers. In order to over 
come these problems the device operates on the princi 
ple of a directional coupler. Light to be ampli?ed is 
input to a passive waveguide which continues as far as 
the output facet where it is aligned with an output ?bre. 
Spaced from the passive waveguide in a directional 
coupler relationship is the device’s active layer. The 
ends of the device’s active layer are left unpumped or 
are etched to provide a rough surface, the object being 
to reduce the amount of rearward travelling signal cou 
pled back into the passive waveguide. Because the de 
vice has to operate in a directional coupler mode, the 
separation between the active and waveguiding layers 
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4 
has to be quite large, e.g. 1 pm. Nowhere is there any 
suggestion that the device has a low polarisation sensi 
tivity or is in any way suitable to receive variable polari 
sation state input signals. 
The present invention seeks to provide a semiconduc 

tor laser ampli?er which has high gain and low polarisa 
tion sensitivity over a usefully broad frequency range. 
According to a ?rst aspect the present invention 

provides a semiconductor laser ampli?er comprising an 
active layer and a separate waveguiding layer. 
We have discovered the surprising fact that by using 

a structure which is analogous to a buried-heterostruc 
ture distributed feedback laser having a waveguiding 
layer and an active layer in close association, but with 
out the grating, it is possible to achieve high gain and 
low polarisation sensitivity over a usefully broad wave 
length range. 
Embodiments of the invention will now be described 

by way of example only, with reference to the accom 
panying drawings, in which: 
FIG. 1 is a schematic perspective view of an embodi 

ment of a laser ampli?er according to the present inven 
tion; 
FIG. 1a is a schematic vertical section, along the line 

A-A, through the device of FIG. 1; 
FIG. 2 is a similar schematic vertical section through 

a distributed-feedback laser similar in structure to the 
ampli?er of FIGJ'I; 
FIG. 3 is a graph illustrating the gain of an optical 

ampli?er according to the invention for orthogonal 
input polarisation states; 
FIG. 4 is a graph illustrating the gain saturation char 

acteristic of a laser ampli?er according to the invention 
measured at 1516 nm; 
FIG. 5 is a schematic diagram of the experimental 

arrangement used in producing the results reproduced 
in FIGS. 3 and 4; and 
FIGS. 6A-6D shows a series of photoluminescence 

plots for a series of devices in which the separation 
between the waveguiding layer and the active layer was 
varied. 

Referring now to FIG. 2, a known type of distributed 
feedback laser comprises a buried heterostructure mesa 
in which the grating 2 which provides the feedback 
necessary for laser operation is grown in one surface of 
a semiconductor layer 3 other than the laser’s active 
layer 4, the former layer functioning as a waveguiding 
layer, there additionally being provided a spacer layer 5 
separating the waveguiding layer and the active layer. 
The spacer layer 5 is provided for several reasons: 

(i) Typically the waveguiding layer 3 and the active 
layer 4 are required to have different refractive indices, 
but may both be quaternary semiconductors based on 
the same elements, although of course having different 
compositions. During growth of the heterostructure, 
abrupt changes of gas flow would be expected if layer 3 
was grown immediately after layer 4 or vice versa. By 
growing a spacer layer having a completely different 
composition, i.e. a binary rather than quaternary semi 
conductor, to the ?rst grown of layers 3 and 4, it is 
readily possible to keep the gas flow rate fairly constant 
and yet still produce the desired properties in layers 3 
and 4. As those skilled in the art of heterostructure 
fabrication will appreciate, while the spacer layer, 
which in the present example comprises lnP, is grown 
using for instance gas stream A, gas stream B, which 
would just have been used to grow the InGaAsP active 
layer, would be stabilised for the InGaAsP waveguide 
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layer composition and be running to waste. With the 
spacer layer complete, gas stream A would be sent to 
waste and gas stream B would enter the reactor. 

(ii) The spacer layer also facilitates etching the mesa 
structure using compositionally selective wet chemical 
etches. 

(iii) Of more direct relevance in the context of distrib 
, uted feedback lasers, it is possible to control the optical 
coupling to the grating in the waveguiding layer by 
adjusting the thickness of the spacer layer. The spacer 
layer should also suppress carrier over?ow. 
The laser ampli?er of FIG. 1 was fabricated using 

three stages of MOVPE growth, further details of 
which can be found in the following two publications, 
each of which is herein incorporated by this reference: 
Nelson, A. W., Devlin, W. 1., Hobbs, R. E., Lenton, C. 
G. D. and Wong, S., “High power, low threshold BH 
lasers operating at 1.52 pm grown entirely by low pres 
sure MOVPE”, Elec. Lett., 1985, Vol. 21, pp888-889; 
and Cooper, D. M., Evans, J. S., Lealman, I. F., Re 
gnault, J. C., Spurdens, P. C. and Westbrook, L. D., 
“Properties of detuned BI-I distributed feedback lasers 
grown by MOVPE”, paper Thk2 OFC 88, New Or 
leans, La., USA. 

All three stages were carried out in a horizontal reac 
tor operating at atmospheric pressure using the metal 
alkyls trimethyl indium (T MIn) and trimethyl gallium 
triethyl phosphorus (T MGa.TEP) as the group III 
sources and arsine and phosphine as the group V ele 
ment precursors. Dimethyl zinc and hydrogen sulphide 
provided the n and p dopants respectively and all 
growth stages were performed at 650° C. The ?rst stage 
involved growing on an In? wafer 1 a planar structure 
consisting of an n-type InP buffer layer 6 2 pm thick 
followed by a 0.18 pm thick InGaAsP (lt=l.53 um) 
active layer 4, a 0.16 pm p-type InP spacer layer 5, a 
0.23 pm InGaAsP (7t: 1.13 mm) waveguide layer 3 and 
?nally a thin (0.05 pm) p-type InP cap layer 7. 
A mesa was then formed using an SiOz mask, conven 

tional photolithography and selective etches of I-IBr 
and 3(IN):l:l (K2Cr2O7:H2SO4:l-Icl). The width Of the 
waveguide layer was 2.0 um and the active layer width 
after notching was 1.4 pm. 

Current blocking layers 8 of p and n InP were selec 
tively grown around the mesa. After the removal of the 
oxide, the whole device was covered in a p-type InP 
layer 9 and a p+ contacting layer 10 of InGaAs. 
Contacts were made using sputtered Ti/Pt/Au 11 on 
the p-side and Ti/Au 12 on the n-side. 

Typical device thresholds for 250 um and 500 um 
devices prior to cleaving were about l2mA and 19mA 
respectively. Individual laser ampli?ers were formed by 
cleaving the wafer into bars, 500 um wide which were 
then facet coated with a single layer coating of HfOg 
(the devices had a residual facet re?ectivity of about 
0.25% ) or with broadband, three layer coatings of (i) 
alumina, silicon and magnesium fluoride or (ii) alumina, 
silicon and silica (giving residual facet re?ectivities in 
the range 0.01 to 0.1% ). The threshold current of the 
device after AR coating was typically 100 mA. Finally, 
the laser ampli?ers were mounted on diamond heat 
sinks p-side down using an Au/Sn solder. 
FIG. 5 shows the experimental arrangement used to 

assess the performance of TWSLA according to the 
invention. The laser ampli?er 20 which is under test 
receives, via an AR coated lens ended ?bre 21, light 
from a light source 22. Between the light source 22 and 
the laser ampli?er 20 there is an attenuator 23, a 3 dB 
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6 
coupler 24 and polarisation control means 25. The cou 
pler 24 enables the input optical power to be monitored. 
The facet input power to the ampli?er was —28 dBm. 
The output of the laser ampli?er 20 is coupled into a 
further lens ended ?bre 26, and thence via a further 3 dB 
coupler 27 and attenuator 28 into an optical receiver 29. 

Buried heterostructure (BH) DFB lasers, also fabri 
cated by the all MOVPE process (the above referenced 
paper ThKZ by Copper, D. M. et a1), were used as the 
optical source 22. These DFB lasers were temperature 
tunable, each with a tuning range of 3 nm. Lasers with 
wavelength ranges centered at 1503, 1509 and 1516 nm 
were used in the experiments. 
FIG. 3 shows the internal TE and TM gain of an 

example of a TWSLA according to the invention as a 
function of bias current. The effects of residual Fabry 
Perot resonances have been allowed for by returning 
for the different polarisations. Typically, at a bias cur 
rent of 95 mA there is a 3 dB passband ripple. 
As can be seen from the ?gure, the TWSLA de 

scribed here shows a very low polarisation sensitivity. 
In fact the polarisation sensitivity of the device was less 
than the 1 dB measurement uncertainty (measurement 
uncertainty was estimated by repeated measurements 
under the same conditions and was found to be similar 
to the scatter in the overall data), with an associated 
gain of 30 dB. The measurements of FIG. 3 are for a 
1509 nm source wavelength. Similar results have been 
obtained with the same device at 1503 and 1516 nm. 
FIG. 4 shows the results of measurement of the gain 

of the device as a function of input power, with the 
device biassed for unsaturated gains of 20 and 28 dB: the 
saturated output powers being 0 and 5.2 dB, respec 
tively, at the 3 dB compression point. 

In devices according to the invention the polarisation 
dependence of the optical oonfmement factor has 
largely been eliminated. 
As mentioned earlier, the laser ampli?er shown in 

FIG. 1 was developed from a distributed feedback laser. 
Since the laser ampli?er is made without a grating, the 
chief reasons for forming the waveguide layer after the 
active layer (which are to avoid ‘meltback’ of the grat 
ing and to avoid the necessity of having to grow the 
device’s sensitive active layer over the grating) no 
longer apply. Consequently it is feasible to grow the 
waveguiding layer before the active layer. If this is 
done, the spacer layer is no longer needed to facilitate 
etching the mesa structure using compositionally selec 
tive wet chemical etches, although it should be pointed 
out that as the Ql.5 active layer etches more rapidly 
than the Ql.l waveguide layer in the present mesa de? 
nition process, putting the waveguide layer below the 
active layer would be likely to lead to problems in etch 
ing the complete mesa as described above. An alterna 
tive structure which avoids this and other problems of 
simple inversion is described below. Similarly, the 
spacer layer is no longer needed as a means of control 
ling the optical coupling to the grating. Hence the 
spacer layer in such an ‘inverted’ structure would serve 
only one of its original purposes, namely that of facili 
tating maintenance of stable gas ?ow during the various 
growth stages. We have found that stable gas ?ow can 
be maintained without having to grow a spacer layer, in 
which case the spacer layer can be dispensed with. Of 
course in such inverted structures the waveguide would 
be n-type rather than p-type and since carrier mobility 

, and recombination would be different this can lead to 
different optical performance. 
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The ‘alternative’ structure referred to above is based 
on the following plan. On an n-type InP substrate, is 
grown an n-InP buffer layer of, typically, 2 pm thick 
ness, a 0.2 pm GaInAsP ()\= 1.1 pm) waveguide, a 0.2 
pm n-InP spacer, a 0.2 pm undoped GaInAsP (7\= 1.5 
pm) active layer and a 0.3 pm p-InP cap. A mesa is 
formed as normal, by selectively etching the p-InP, the 
Ql.5 (the active layer) and the n-InP layers in turn. The 
Ql.l (waveguide) layer is not etched, and this may be 
expected to have advantages in terms of reliability. The 
potential disadvantages are the need to grow on a Ql.l 
surface, and the limited height available to ?t in block 
ing layers. It is believed that the following advantages 
more than outweigh these potential disadvantages: the 
process is simpler than that ?rst described, accurate 
control of mesa height is possible, the electronic proper 
ties of the blocking layer are likely to bene?t from re 
duced hole injection-holes being trapped by the valence 
band discontinuity in the Q1. l/InP double heterostruc 
ture. 
A further useful modi?cation to the above described 

structure is to use a mesa wider than would normally be 
permitted in a laser oscillator. An increase in width is 
possible with low-re?ectivity, non-resonant devices, 
such as TWSLA's, because the optical wave makes only 
one main pass through the device. Typically the optical 
input to the laser ampli?er will be supplied by a single 
mode optical ?bre. The fundamental mode will be 
launched by the input ?bre and there may not be 
enough distance to couple much power into the allowed 
higher order modes of a wider structure. A bene?t of 
using a wider structure is that increased output power 
may result. 
As well as making devices with the waveguide and 

active layers separated by a 0.2 pm thick spacer layer, 
other separations have been tried. In FIG. 6 there are 
shown photoluminescence plots for four device types, 
each device type having a different waveguide/active 
region separation. The photoluminescence plots were 
all produced using devices having active layers with a 
quaternary composition (GaInAsP) with a wavelength 
equivalent of 1.3 pm, and waveguide layers with a qua 
ternary composition (GaInAsP) with a wavelength 
equivalent of 1.1 pm. For the four plots the separation 
was 0.2 pm, 0.11 am, 0.04 pm and zero. The photolumi 
nescence plots illustrate that even for a separation of as 
little as 0.04 am there is recombination in the waveguid 
ing layer distinct from that in the active layer. As the 
separation between the active and the waveguiding 
layers increases, the proportion of recombination which 
takes place (at least during the photoluminescence mea 
surement) in the waveguide increases at the expense of 
recombination in the active layer. In all our device 
con?gurations the active layer and the waveguide are 
optically very closely coupled. We believe that it is 
important, if low polarisation sensitivity is to be 
achieved, for the waveguide layer and the active layer 
to act effectively as a single waveguide-that is without 
any directional coupler characteristic. With only a 
small spacing, of say 0.2 pm, between the waveguiding 
and active layers it is possible to feed the optical output 
from a lensed ?bre into the active and waveguiding 
layers simultaneously. In the bulk of our experiments 
such an arrangement has been used with good results. 
We have also, in so far as it has been possible with a 
lensed ?bre end, directed the input optical signal pri 
marily at the active region with overspill onto the 
waveguiding layer. Such an arrangement has also given 
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8 
low polarisation sensitivity, and it is believed that this 
approach is preferable where there is a greater separa 
tion between the active and waveguiding layers. In 
order to obtain low polarisation sensitivity we believe 
that the separation between the active and the wave 
guiding layers should be considerably less than 1 pm. 
More preferably we believe that the separation should 
be not more than 0.7 pm, and yet more preferably 
should be not more than 0.6 pm. As those skilled in the 
art will be aware, the precise upper limit in any case will 
depend upon the refractive indices of the active, wave 
guiding and separating layers, since these factors all 
influence the degree of coupling between the active and 
waveguiding layers. 
Although in the above described examples the wave 

guiding layers have been shown to comprise quaternary 
material having a wavelength equivalent of 1.1 am, it is 
of course possible to use other compositions, provided 
that they have a wider bandgap than that of the active 
layer. For example, in devices having active layers with 
a composition having a wavelength equivalent of 1.5 
pm, we have successfully used waveguiding layers 
having a wavelength equivalent of 1.3 pm. 
We claim: 
1. A semiconductor laser ampli?er which does not 

include a grating, which ampli?er comprises: 
an active layer provided by a ?rst epitaxial layer, 
a substantially flat waveguiding layer separated from 

the active layer and provided by a second epitaxial 
layer, and 

an input facet and an output facet, 
wherein said waveguiding layer and said active layer 

each extend to both said facets and are separated 
from each other by a distance of less than one mi 
cron, the arrangement being such that, in use, an 
optical wave in the active layer interacts with the 
waveguiding layer to reduce the polarisation sensi 
tivity of the ampli?er. . 

2. An ampli?er as in claim 1, wherein the separation 
between the active layer and the waveguiding layer is 
dimensioned to avoid signi?cant interchange of modal 
power between said layers in use. 

3. An ampli?er as in claim 1 or 2 wherein said active 
layer is grown over said waveguiding layer. 

4. An ampli?er as in claim 1 or 2 wherein said wave 
guiding layer is grown over said active layer. 

5. An ampli?er as in claim 1 or 2 wherein the separa 
tion of said active layer and said waveguiding layer is 
0.6 micron or less. 

6. An ampli?er as in claim 1 or 2 wherein the active 
layer comprises a quaternary semiconductor having a 
band edge equivalent wavelength of between 1.3 and 
1.55 microns. 

7. An ampli?er as in claim 1 or 2 wherein the active 
layer has a thickness of less than 0.4 pm. 

8. An ampli?er as in claim 7, wherein the active layer 
has a thickness of less than 0.15 micron. 

9. An ampli?er as in claim 1 or 2 wherein the active 
layer has a width of no more than 2 am. 

10. An ampli?er as in claim 1 or 2 wherein the active 
layer has a length of 250 pm or more. 

11. An ampli?er as in claim 10 wherein the active 
layer has a length of more than 300 um. 

12. An ampli?er as in claim 10 wherein the active 
layer has a length of 500 pm or less. 

. 13. An ampli?er as in claim 1 or 2 wherein the re?ec 
tivities of the end facets of the ampli?er are not more 
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than 0.25% at the operating wavelength of the ampli 
?er. 

14. An ampli?er as in claim 1 or 2 wherein the polari 
sation sensitivity of the ampli?er does not exceed 3 dB 
over the frequency range 1500 to 1520 nm. 

15. An ampli?er as in claim 14 wherein the polarisa 
tion sensitivity does not exceed 1 dB over the frequency 
range 1500 to 1520 nm. 

16. An ampli?er as in claim 1 or 2 wherein the satu 
rated output power is at least 5 dBm. 

17. An ampli?er as in claim 1 or 2 and having input 
means arranged, in use, to direct optical‘input signals 
having a variable polarisation state onto the input facet 
of the laser ampli?er, the input means, in use, causing 
the input optical signals to impinge on both said active 
and waveguiding layers on said input facet. 

18. An ampli?er as in claim 17 wherein, in use, the 
input means is arranged so that the input optical signals 
provide at said input facet greater optical intensity on 
said active layer than on said waveguiding layer. 

' 19. An ampli?er as in claim 17 wherein said input 
means comprises an optical ?bre and lens means. 

20. A method of amplifying variable polarisation 
optical signals, which method comprises: 
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10 
comprising an active layer and a separate substan 
tially ?at waveguiding layer which each extend as 
far as said facet and which are separated by not 
more than 1 pm, and 

the input optical signals to be ampli?ed impinging on 
both the waveguiding layer and the active layer at 
said facet. ' 

21. A semiconductor laser ampli?er having no feed 
back grating therein and comprising: 

an input facet for receiving optical signals to be am 
pli?ed; 

an output facet for providing ampli?ed optical signals 
therefrom; 

an active layer having ends thereof respectively 
forming parts of said input and output facets of the 
ampli?er; and 

an inactive waveguide layer having substantially flat 
surfaces and having ends thereof also respectively 
forming parts of said input and output facets of the 
ampli?er; 

said active and waveguide layers being separated but 
closely disposed between their respective ends 
suf?cient to optically interact and reduce polarisa 
tion sensitivity of the ampli?er less than 2 dB. 
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